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Abstract 
Distribution map of South China tiger made from the Chinese State Forestry Administration survey report in 2001 
and 33 environmental variables from open web datasets were gathered, four modeling methods of Logistic 
Regression (LR), Classification and Regression Trees (CART), Genetic Algorithm for Rule-Set Prediction (GARP), 
maximum entropy method (Maxent) were introduced to generate potential geographic distribution maps for South 
China Tiger in China. Then three statistical criteria of the area under the Receiver Operating Characteristic curve 
(AUC), correlation (COR) and Kappa were calculated to evaluate the performance of the models, followed by 
analysis of major contribution variables. Results showed that, precipitation of coldest quarter (bio19, 61.8%), soil 
type (soil, 17.8%), precipitation of wettest quarter (bio16, 7.8%), mean diurnal range (bio2, 4.9%), forest coverage 
(tree_cover, 3.7%) were the five forcing environmental factors; 10 counties in provincial borders of Jiangxi, Fujian 
and Zhejiang in Wuyi Mountains should become the key areas for South China tiger conservation. 
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1. Introduction 
With the increasing demands of illegal international wildlife trade, widespread habitat degradation and 
fragmentation, many wild animals become endangered and go to extinction. Conservationists recognize 
that the best way to save threatened species is to protect the places where they live [1]. Detailed 
knowledge of species’ ecological and geographic distributions is fundamental for conservation planning 
and forecasting, and for understanding ecological and evolutionary determinants of spatial patterns of 
biodiversity [2].  
South China Tiger (Panthera tigris), is endemic to China and thought to be the ancestor of all tigers. 
The subspecies was listed as Category I on China’s national register of endangered animals in 1988 and 
one of the ten most critically endangered species in the world by IUCN in 1996 [3]. Since 1979, Chinese 
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genetic algorithm (GARP), the maximum entropy (Maxent);(2) to compare the performance of the four 
models with three index of the area under the Receiver Operating Characteristic curve (AUC), Pearson 
correlation coefficient (COR) and Kappa ;(3) to analyse the relationship between enforcing environmental 
variables and habitat probability; (4)to constitute a security pattern for South China tiger at national 
scales.. 
2. Materials and methods 
2.1. Environmental and species data 
We assumed habitat variables of South China tiger were related to climate, terrain, forest cover, soil 
and human disturbance factors. Exacting terrain and forest cover data from topographic maps and atlases 
over large area is time consuming and expensive. Instead we downloaded free environmental data from 
open Web datasets and managed them using ArcGis 9.2 software. The variables used were based on 
documented species–habitat associations. Terrain data of slope and aspect were downloaded from data 
center of Earth Resource Observation and Science (EROS), USGS. Climate data of 19 variables and 
elevation were acquired from dataset of WorldClim version 1.4 (1950- 2000). Tree cover data of 
Nov.2000 to Nov.2001, Net Primary Production (NPP) of 01-01-2000 to 12-31-2000 were taken from the 
Global Land Cover Facility (GLCF). Soil type was downloaded from Asian HYDRO1k dataset at a 
resolution of 1 km pixels in projection of Lambert Azimuthal Equal Area. To identify the impact of 
human disturbance and water condition on tiger’s distribution, we got two shape files of road and river 
from Global Administrative Areas (GADM) (version 0.6).First we extracted the primary road layer and 
river layer with length of over 0.5 degrees (55.8 km at the equator) .Then we converted them into 30 
seconds cells size and calculated Euclidean distance to the main road and river by using Spatial Analysis 
in ArcGis 9.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Distribution map of South China tiger in 2001 
Occurrence data of South China tiger are very sparsely, and many of the distribution maps are 
erroneous and outdated. There are no complete online digitalized tiger’s presence and absence data with 
geographical coordinates at the national scales available. In addition, even when presence data in some 
areas are available, they may be of questionable value in many situations. The only update tiger’s 
distribution we can find was made from the Chinese State Forestry Administration survey report in 
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2001(Fig.2). We digitalized the distribution map and geometrically corrected it in the Longitude/Latitude 
WGS84 projection. Then we created 2,000 random shape points within the six mountain ranges on the 
platform of ArcGis 9.2. According to the available information of published papers, the ideal habitat of 
South China tiger must meets the following conditions: annual mean temperature between 14-21ć, 
annual mean precipitation between 800-2000 mm, altitude between 35-2000 m and land-cover type of 
evergreen broad-leaved forest [3]. Four environmental factors of bio2 (annual average temperature), 
bio12 (average annual precipitation), elevation and land-cover (land cover type) were loaded into ArcGis 
environment, 40 random points which met the above conditions were selected from random points as the 
tiger’s occurrence data . 
2.2. Data Preparing 
There are complex correlations existing among 33 environmental variables of South China tiger, which 
makes it more difficult for people to identify the contributing environmental factors. On the other hand, 
close correlations among different variables could not meet the necessary preconditions of LR model of 
normal distribution and independence of variables. So, a Pearson correlation analysis of 33 environmental 
variables of 40 South China tiger occurrence points was done. Afterwards, Maxent model was run to 
provide contribution for 33 environmental factors. Among correlated variables, those with bigger 
contribution were remained to build four prediction models. Altogether, we picked out ten ecological 
factors which added up to 96.6 % of contribution as following: precipitation of coldest quarter (bio19), 
precipitation of wettest quarter (bio16), tree_cover, mean diurnal range (bio2), land_cover, elevation, 
soil_type, compound topographic index (cti), isothermality (bio3), temperature annual range (bio7). 
Occurrence points are enough to run the two models of Maxent and Garp. However, another data of 
independent absence points are necessary to build LR and CART model. Besides, absence points are also 
needed in the procedure of model validation. Generally, background points beyond presence data are 
assumed as absence points. On the platform of ArcGis, 2,000 random sampling points beyond 40 
occurrence points were generated within Chinese territory. To prevent occurrence of aggregation, a 
minimum distance of 0.1q˄GCS_WGS_1984 projection˅between two points was set. Intersect Point 
Tool of Hawth Tools was applied to extract potential habitat probability of 2,000 random sampling points 
on the Maxent distribution map. According to the principles of statistics, if a point is with a very small 
occurrence probability (p<0.05), we can assume this point is an absence. Thus we got 1,789 absence 
points of South China tiger. A uniform database was made by merging two shape files of presence point 
and absence point. Then we assumed the code of presence point as ‘1.0’, absence points ‘0’. 80 percent 
points from the uniform database were randomly selected to generate models, while the remaining 20 
percent points to validate models. 
2.3. Construction of security pattern  
The prediction result of the model with best performance was applied to construct the security pattern 
for South China tiger at national scales. First, the raster layer of prediction result was converted to a point 
shape file and the points with probability above 0.95 were selected as occurrence points of the subspecies. 
Secondly, the shape file of Chinese county administrative boundary was loaded into ArcGis environment, 
those counties which were intersected with occurrence points of the tiger were selected as the key 
protection counties of South China tiger. Then, buffer operation was conducted around occurrence points 
by using Distance tool of Spatial Analyst toolset of ArcGis. Next, potential reserves were created by 
mouse tracking the borders of the buffer areas on computer screen. Finally, dip points at ridge lines 
created by buffer operation were linked to form ecological corridors connecting potential reserves. 
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3. Results 
3.1. Models development. 
Ten environmental variables were chosen to build four habitat predication models. We generated LR 
and CART models by using SYSTAT version 12 for Windows. As for LR model, variables of bio19, 
bio16, cti and elevation were natural logarithm, square root transformed respectively, to meet the normal 
distribution condition of the model. The prediction model of LR was generated as following: 
y= - 54.643 + 0.288 * ˄bio2˅+ 9.862 * Ln(bio19) + 0.236 * Sqrt(bio16) - 2.142 * Ln (cti) - 0.175 * 
Sqrt (elevation) + 0.037 * (tree_cover)                                                ˄1˅ 
In which, Sqrt and Ln stand for data transformation of square root, natural logarithm, respectively. 
With a Naglekerke's R2 value of 0.823, LR model could interpret 82.3 % of environmental variance, 
which indicated high simulation performance of the model. By using tool of Raster Calculator on the 
platform of ArcGis, we built a parameter inversion equation of LR= Exp(y) / [Exp(y) +1] and made a 
potential habitat distribution map for South China Tiger (Fig. 3-A). 
As for CART, among ten environmental variables, only two factors of bio19 and bio2 operated in the 
model. With a PRE value of 0.876, 87.3 % of environmental variance could be interpreted. By using 
conditional judgment function of con( ) in the ArcGis tool of Raster Calculator, we made a habitat 
distribution map (Fig.3-B) after following parameter inversion equation had been built:  
CART=con (bio19<195,0.007,con(bio2<80,0.2,1))               ˄2˅ 
We developed GARP model on Desktop Garp version 1.1.6. We selected the task with the highest 
training accuracy from the best subset as the prediction result of GARP model. We generated Maxent 
model on MaxEnt program version 3.1.1.0. The purpose of the first model running of Maxent is to 
identify the ten contributing environmental variables and to help generate absence points of the tiger. 
When it was run for the second time, seven variables were input into the Maxent model. The training 
accuracy of the Maxent model was 0.928, showing the excellent simulation performance. After 
conversion from ascii files to raster files, two distribution maps of GARP and Maxent were made (Fig.3-
C, 3-D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Potential habitat maps of South China 
3.2. Model validation 
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Three index of AUC, Kappa and COR were calculated to evaluate the performance of the prediction 
models. According to the order from the highest to the lowest in terms of individual or average of the 
three index, the four models were ranked as follows: Maxent > LR > CART >GARP. The reason why 
Maxent outperforms others maybe comes from it’s advantages over other methods: (1) it can incorporate 
interactions between different variables; (2) efficient deterministic algorithms are guaranteed to converge 
to the optimal probability distribution; (3) over-fitting can be avoided by using regularization [6]. Before 
running LR analysis, the multi-colinearity was reduced by checking a variance inflation factor in which 
variables with a VIF value > 2.5 were removed from subsequent analysis. Transformation of square root, 
quadratic, logarithmic was used where it was appropriate to eliminate non-linearity [7]. For these two 
reasons, LR prediction result was excellent though it is a traditional statistical method. Compared with LR, 
CART and GARP yield discrete prediction results with integer values from 0 to 1, which indicates they 
do not allow fine distinctions to be made between the modeled suitability of different areas by showing 
low AUC values. 
3.3. Distribution and environmental variables. 
As shown in Fig. 3-D, the prediction result of Maxent model, the potential habitat of South China tiger 
is mainly concentrated in Luoxiao Mountanins, Wuyi Mountains and Dongting-Poyang Lake Plain region, 
involving five provinces of Jiangxi, Zhejiang, Fujian, Guangdong and Guangxi. It is noticeable that the 
spatial distribution of potential habitat is discontinuous and fragmented, especially on the verges of 
potential habitat. There are not enough ecological corridors existing between habitat patches, indicating 
that the necessary channels between subpopulations of South China tiger have been blocked. 
Among the ten environmental variables, five enforcing factors with a total contribution of 95.9 % are 
ranked according to the order from the highest to the lowest as following: bio19 
(61.8%)>soil_type(17.8%)>bio16 (7.8%)>bio2 (4.9%)>tree_cover (3.7%). It can be seen from LR 
equation that, potential habitat probability of South China tiger is positively correlated with bio2, bio16 , 
bio19 and tree_cover, negatively correlated with elevation and cti. It can be summarized that South China 
tiger prefers to inhabit in subtropical climate zone with abundant precipitation in wettest and coldest 
quarter. As for the selection of habitat stands, the hilly and low altitude montane areas with barren soil 
condition are ideal for the endangered subspecies to live. 
3.4. Analysis of security pattern. 
Since Maxent outperforms other three models, the prediction result of Maxent was selected to do 
analysis of key conservation regions of South China tiger. Based on the theory of statistical probability, 
the pixel value was set to be ‘1’ when occurrence probability was more than 0.95; else ‘0’. First, the 
shape file of Chinese county administrative boundary was loaded into the environment of ArcGis, and 
overlaid with the raster file of Maxent prediction result. Then, the ten counties in which the pixels with 
value of ‘1’ were located were picked out with the help of ArcGis tool of Selection by Location. All the 
ten counties are concentrated around provincial borders of Fujian and Jiangxi in Wuyi Mountains, in 
which seven counties are located in Jiangxi Province, three in Fujian Province. Next, with the help of 
Zonal Statistics tool in Spatial Analyst toolset of ArcGis, mean habitat probability, average elevation, 
mean tree cover are added to the attribute table of polygon shape file of the ten counties, together with the 
attribute of population density from local statistical yearbook in 2001. These counties have following 
common social and geographic features: (1) relatively low population density between 100 and 350 
person per km2 for most counties; (2) dominant landforms of hills and low to medium elevation 
mountains with average altitude of 50.1992 m; (3)high forest coverage with a value of 66.5 %, in which 
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the lowest value of 55.3 % in Guangfeng of Jiangxi Province, the highest of 80 % in Shaowu County of 
Fujian Province. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Potential South China tiger nature reserves and ecological corridors 
It can be seen from Fig.4, No.1 potential reserve is located in Yushan County of Jiangxi Province,No.2 
is located in the bordering area of Yiyang, Shangrao, Qianshan and Hengfeng County of Jiangxi Province, 
No.3 is located in Guixi County of Jiangxi Province,No.4 is situated in Pucheng County of Fujiang 
Province, No.5 is in Shaowu County of Fujian Province. There are six ecological corridors linking five 
potential reserves of South China tiger. Ecological corridor A and B which link potential nature reserves 
of No.1, No.2 and No.3 are located in Jiangxi Province. Corridor E and F are located in Fujian Province, 
connecting reserve No.4 and No.5, No.5 and No.6, respectively. Corridor C and D which cross borders of 
Fujian and Jiangxi, connect potential reserves No.1 and No.4, No.3 and No.5 respectively, constituting 
two important ecological corridors. 
4. Conclusion 
With the help of open Web environmental datasets and a few historical distribution maps of South 
China tiger, four potential habitat models of LR, CART, GARP and Maxent can be developed. The 
validation results showed that the performance of the selected models were good or excellent and could 
be used to generate prediction models of the subspecies in China, thus providing valuable experience for 
reference to the habitat modeling of endangered species in developing countries at large scales. 
At the national scales, climate factors are dominant variables affecting species distribution [8].Based 
on the impact analysis of environmental variables on habitat probability, precipitation in coldest quarter, 
soil type, precipitation in wettest quarter, mean diurnal range, tree_cover are enforcing environmental 
variables of South China tiger. 
Since South China tiger has not been sighted in the wild for more than 25 years, it is believed by many 
scientists to be “functionally extinct”[9]. A few individuals may remain in the moist forests of southeast 
China, but the wild population is not thought to be viable. If there are any tigers in the wild, these few 
individuals would be found in montane sub-tropical evergreen forest of southeast China, close to 
provincial borders, especially in Wuyi Mountains.  
   Lack of baseline information of detailed spatial distribution and update occurrence data is a common 
problem facing many wildlife conservationists, especially in developing countries. Generation of presence 
and absence points of endangered wildlife is the precondition of models development and validation. At 
present time, there is no practical method with sound scientific base available for us to learn from. The 
theory basis of the method put forward in the paper needs to be studied further in the future. 
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